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LINEAR COMPRESSOR UNIT 



The invention relates to a linear compressor unit which can 
especially be used to compress a coolant in a refrigerating 
5 device such as a refrigerator, a freezer or the like. 

Reciprocating-piston compressors driven by rotary motors 
are conventionally used in domestic refrigerating devices. 
For domestic usage it is very important that these 

10 compressors only generate minimal running noise. An 
important source of this noise is the intermittent suction 
of the coolant to be compressed, caused by the forward and 
backward movement of the piston. This intermittent suction 
causes pulsations which must be reduced by corresponding 

15 damping devices. A common design principle for . this 
purpose is to pass the flow of gaseous coolant via chambers 
which are constructed, for example, as Helmholtz resonators 
or the like, so that the pulsations are strongly damped and 
do not reach the outside. These chambers are usually built 

20 directly onto the pump of the compressor. This pump is 
enclosed in a module casing for noise damping and 
insulation. Between the inlet of the chambers and the 
module casing of the compressor, there is a small spacing 
which allows the passage of coolant into the buffer volume 

25 of the casing module surrounding the pump. 

Recently, so-called linear compressors have been developed 
which dispense with a rotary motor to drive the compressor 
piston and instead of this, drive this piston directly by a 

30 magnet which can be driven to move linearly back and forth 
in an alternating electromagnetic field. As a result of 
this driving principle, the cylinder in a linear compressor 
is subject to strong vibrations excited by the forward and 
backward movement of the magnet and the piston coupled 

35 thereto. 



If an attempt is made to apply the construction principle 
known from the building of rotary-motor-driven compressors, 
as a result of which an inlet opening of the cylinder and 
an inlet passage of the module casing containing the 
5 cylinder lie opposite one another without making contact, 
forming a passage to the buffer volume, to the building of 
linear compressor units, the problem arises that the 
unavoidable oscillatory movement of the linear compressor 
unit modulates the cross-section of the passage to the 
10 buffer volume at the resonance frequency of the movable 
piston and in this way, tends to increase the noise 
production rather than dampen it. 

The object of the present invention is to provide a linear 
15 compressor unit with an encapsulated cylinder in which the 
generation' of noise by modulation of the passage cross- 
section to the buffer volume is effectively limited. 

The object is solved by a linear compressor unit having the 
20 feature of claim 1. The restrictor element in the passage 
prevents the excitation of resonances in the buffer volume 
and. therefore excessive noise. 

The restrictor element is preferably formed by walls which 
25 are attached to the module casing or to the cylinder and 
which intermesh. The walls can have an arbitrary suitable 
shape in order to bring about a pressure drop in gas 
flowing back and forth between the inlet opening and the 
buffer volume as a result of friction at said walls. Walls 
30 which surround the inlet opening or the inlet passage in a 
ring shape or concentrically are preferable. 

The cylinder itself preferably has one or a plurality of 
sound-damping chambers between its inlet opening and a 
35 working chamber which receives the piston. Thus, intensive 
pressure thrusts produced by the piston in the working 
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chamber are partly intercepted before they reach the 
passage to the buffer volume. 

A further appropriate sound-damping measure is to insert 
5 rn the inlet passage of the module casing, a sound-dampin; 
Chamber through which the medium to be compressed flows 
Thrs chamber can be attached directly to the wall of the 

2Tcl\r'7 ■ ' cylindrical shape through 

wh.ch the rnlet passage runs along the cylinder axis of the 
10 chamber. 

The oscillatory holder of the cylinder is preferably formed 
by an outlet pipe through which the compressed medium 
leaves the cylinder. The outlet pipe is preferably guided 

drrves the forward and backward movement of the piston can 
especrally be arranged in an axial extension of the piston 
or around the piston in a ring shape. 

» Further features and advantages of the invention are 
Obtained from the following description of exemplary 
examples with reference to the appended figures. m the 
figures : 



25 Fig. 



Fig, 



30 



is a schematic partial section through a first 

embodiment of the Unoay 

tne iinear compressor unit 

according to the invention; 

is a detailed section through the head region of 
the linear compressor unit from Fig. l;. 



Fig. 3 is a section through a second embodiment of the 
linear compressor unit. 

35 The linear compressor unit shown in Fig. i- comprises a 
hermetically sealed metal module casing i, which 
accommodates a pumping section 2 and a driving section 3 of 




the compressor unit. The driving section 03 shown in 
cross-section substantially comprises a bar-shaped 
permanent magnet 4, which is arranged in the interior 
cavity of a coil 5 such that it can be moved in the 
5 longitudinal direction. A restoring spring 6, in this case 
in the form of a helical spring, presses the magnet 4 in 
the direction of the pumping section 2. As a result of an 
alternating current applied to the coil 5, an alternating 
magnetic field can be generated in its interior which 
10 excites the magnet 4 to move back and forth along the axis 
of the coil 5. 

Fixedly mounted on the magnet 4 is a piston 7 which engages 
in a working chamber 8 of a cylinder 9 and can be displaced 

15 therein by the movement of the magnet. On a wall of the 
working chamber 8 located opposite to the piston 7 two 
openings are each provided with a valve 10, 11. The valves 
10,11 are shown here as flap or blade valves but it is 
understood that any type of valve which only allows medium 

20 to flow in one direction - into the working chamber 8 in 
the case of the valve 10 and out of said working chamber in 
the case of the valve 11 - can be used. 

Medium to be compressed reaches the working chamber 8 via 
25 an inlet passage 12 in the form of a pipe section which 
crosses the module casing 1 and is fixedly anchored 
therein, an inlet opening 13 of the cylinder 9 and a 
sequence of chambers 14, 15, 16 which are mounted in the 
case of the cylinder 9 before the working chamber 8. 

30 

The inlet opening 13 of the cylinder 9 is located at the 
end of a pipe connecting piece 17 which is located at a 
distance from a front wall of the cylinder 9 in a direction 
parallel to the direction of movement of the magnet 4 and 
35 the piston 7. This pipe connecting piece 17 lies in 
alignment opposite to a second pipe connecting piece 18 




which forms the portion of the inlet passage 12 engaging 
into the interior of the module casing 1. 

The pipe connecting piece 18 carries a radially distant 
5 flange 19 on which a plurality of cylindrical walls 20 are 
arranged concentrically to the longitudinal axis of the 
inlet passage 12. Corresponding walls 21 with suitably 
staggered diameters are attached to the front side of the 
cylinder 9 and engage in each case between two of the walls 
10 20. 

Compressed medium leaves the working chamber 8 via an 
outlet pipe 22 which is affixed at one end to the cylinder 
9, runs helically around the cylinder 9 and finally crosses 
15 through the wall of the module casing 1. This outlet pipe 
22 at the same time forms a suspension of the cylinder 9 in 
the module casing 1 which allows oscillating movements of 
the cylinder 9, especially in the longitudinal direction. 

20 During operation of the compressor unit, with every 
movement of the piston 7 to the left in the figure, medium 
contained in the working chamber 8 is compressed and 
escapes through the outlet valve 11 as soon as the pressure 
in the working chamber 8 exceeds that in the outlet pipe 

25 22. In this case, the piston 7 exerts a pressure directed 
towards the left in the figure on the cylinder 9, to which 
the cylinder can yield a little as a result of its elastic 
suspension. During this movement of the piston 7 the walls 
20 and 21 are displaced 'towards one another and a gap 

30 between the end of the pipe connecting piece 18 and the 
inlet opening 13 of the cylinder 9 becomes narrower. As a 
result of this mobility, the transfer of the loud knocking 
noises which the piston 7 causes at its left reversal 
point, to the module casing 1 and thus into the 

35 surroundings of the compressor unit is avoided. 



10 



15 



20 



25 



- 6 - 



When the piston 7 is pulled to the right by the magnet 4 
and the working chamber 8 becomes larger again, an 
• underpressure is formed therein which on the one hand 
results m fresh medium being sucked in via the inlet 
passage 12 and on the other hand results in the cylinder 9 
following the piston 7 a little far to the right. The 
broadening of the gap 23 resulting therefrom is not so 
large however that the walls 20, 21 come out of engagement 
as a. result. The intermeshing walls 20, 21 thus act as a 
restrictor element which damps the outflow of medium from 
the buffer volume 24 into the working chamber 8 during the 
expansion phase of the working chamber 8 and 
correspondingly damps an inflow of the medium back into the 
buffer volume 24 via the inlet passage ■ 12 in the 
compression phase of the working chamber 8. Thus, even 
when the working frequency of the linear compressor unit 
I.e. the oscillation frequency of the magnet 4, coincides 
wxth the resonance frequency of the buffer volume 24 
pressure oscillations of the buffer volume 24 are 
effectively damped and their amplitude is kept small. 
Thus, one of the components which contributes to the 
operating noise of a linear compressor unit is effectively 
suppressed. 

The chambers 14, 15, 16 of the cylinder 9 likewise have 
sound-damping functions. They are executed in a fashion 
known per se from sound damping technology as Helmholtz 
resonators . 
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As a further measure to damp the operating noise of the 
compressor unit, a further sound-damping chamber 25 is 
inserted in the inlet passage 12 of the module casing • 1 
This chamber 25 of which one wall is formed by the module 
casing 1 itself, has a flat-cylindrical form wherein the 
inlet passage 12 crosses the chamber 25 along its cylinder 
axis. The chamber 25 also acts a Helmholtz resonator with 
an inlet opening which extends over the entire 
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Circumference of the inlet passage 12 and is thus 
particularly effective. 

Figure 3 shows a second embodiment of the linear compressor 
unxt whxch differs from that in Fig. 1 by the design of its 
drxvxng section 3. The pumping sections 2 of both 
embodiments are identical. whereas in the embodiment in 
Fxg. 1, the permanent magnet 4 is arranged in an axial 

extension of the ciston i ^r^ 

piston /, in the case shown in Fia 3 it 

surrounds the piston 7 in a ring shape and is fixedly 
connected thereto by a flange 28 or individual radially 
oriented supporting arms. This annular magnet 4 is 
surrounded externally by a coil 5 which can excite it to 
oscillate as a result of an alternating magnetic field. 
Effective coupling of the magnetic field of the coil to the 
-agnet 4 is provided by two sheet-metal packings 26, 27 
wh.ch are each arranged in an annular intermediate space 
between the magnet and the cylinder, maintaining a small 
air gap towards the magnet 4, or externally surrounding the 
magnet 4 and the coil 5 in a ring shape. 



